2022-10 S FpNE == QSIS e 1Y)
58(5) Journal of Beijing Normal University(Natural Science) 775

IR 5 BRSBTS RO Bk TR B A 1

EEHD K

it 100875, dt 585

e F A"
( DHRRFH AR AT HE S LR E, JCR I K2R 5 H AR % B, 100875, JL3;
3) KA BE 2B, 046000, L PHKIE)

MY A Y
2)-J 5 B 2 R R A R

B 5 i

WE  HRIEGRE ST (Deep Oscillation Magnetron Sputtering, DOMS )il 15 — 28 71 il i) v, FE AUk i IR 5 I , g
fig S 357 4 I v SIS PRI b 3T 4 5 Ak, S B R IR T A R R RO R Y S S TR AR T
DOMS A S5 B AR 7 K i B R A X0 58 188 A b S | B 7 RE i i 2 B A i R A 52, 45 Rk B, DOMS Jik
S RO Al e P 14 S M0 30590 P, - [ i I R, 0 g A e e Ay Bt e Jok b b, 3035 4 B B P e 4

KU BRI RIS BRERS TR UUR Bkl iR s 85 7 A

hESES TG174.44

0 315

BT R LIRS e A R RO R A R A
TURR I RE 25 T R DT R, BEAE R T2 1 o S5 61K
AHEAE AR TR 2 MR L 285, 8 i PR = DU )
Bk B R TR B TR, AE S SRS NGk
B e T SE B M BUEIERIR R, A BB IR
RS | SRR RE BT AL AT ]

BEAE A ST 2R B 3 2 6B i 1Y B 1 o RE A 1S I ik
J2 B BOR B, AL TR 2 S5 A, {2 2R 2 18] 5 2 B AH
A8, E TR R B PO AL 2 M e Rl IR RE R T
HREBTEARTIA ST 2543 B ) FI BB Y [ I, 2%
DAL TR 2 PERE. DAt i er A5 AR A5 5 2 L (KBS
FE et R g DAL 8 TR Y S5 S TR, IO BBE S T AR TIAR
BORBIRZ O T IIO6 R 2 Y 1 25 IOT AR R
BB B Ak A8, B AR IR BRE A 7 26 2l HR B 155
A [ U 2 A OB AVORE , S EBOR JZ
R 1, SRR BE b T M R A D S i R AR AR
) S5 B 1 A Hh R 2 A RO T ORUREAR 2D, B SR R 1
B PR, o) 7 4 v B A B Al 38 A [) I 40 o)
TR TR BCRURL X 3% 22 T 5 R A S i), — LR BB B T
TR B A SR 1 B 7 40

e By Sk o R 45 T it 4 R (High Power Impulse
Magnetron Sputtering, HiPIMS) T8 o B S AR I E T

DOI: 10.12202/j.0476-0301.2022150

R R 7 2SI T RO W SRR 1 1 R R ik
A% G AR U S B i S A AR A S R % R A
S TN 5 B N s W WA X 1 B N R 2 = GV 8
F AR 7 HIPIMS SEfily I & Ji iy 8 il Jik v 10 47 Wk S
(Modulated Pulsed Power Magnetron Sputtering, MPPMS)
SRR Qi QUIE T NSECE T QUM I S 11
TR A, e T HiPIMS (4 TR SR 45 2% [n] i, {1
A A RS B TR RS AR T, 5 HIPIMS Al
MPPMS =1 W (B Ty 2 55 5 4 IR T f 1 vy s, s R sy F, O
TE k-t [l k= 1F S5 ) B R 254 T 45 B 1 BB R TH S K
HL O, T AR R I 5T 2 B« A T 5C P ek [7) 6 % R 9% 55 Jik
A2 % AL MPPMS i A 119 J6 46 JF H s bk o 30 ) <
MPPMS fik i, U 2R R 155 ok i B v e Bk vk 22 1) ) ik
DG DAY EF () JE A0 e, ) AT A i — 1 ok o 5 4 S U
Z B R B 2 A ko, AR A S H I PR AR A R K
S 30 A 9 K e 8 45 8 I ) A R A 3 koA )
JE 4% 3 14 455 52 I ) R B2, R L2400 o] 8 5 T e G, S
I TC A H,, 33 o B 2 1 200 23 Ik o e S 4 P Ay TR A
% WE 5 % 8F (Deep Oscillation Magnetron Sputtering,
DOMS) . DOMS 7 I iif 8 5 2y 3% %% Ji2 ik v, 1) [] I
HE A% 5¢ 2 40 ]P0 T T M BE 42, T8 B S, e S I AR 22
HRURURE I B 180, SR A /o 25 B85 45 1 A4, ol o0 0 v g
T S 3 e M i 248 % M 1 s g T AR, 20 T A
P SAHTORE AR D, PR LA T —ARER T 1 J2 DT

* [ 5 S & R B B35 H (2020YFB2104500) 5 1 7R 48 B T 5 AU & 3R] B8 Bh 30 H (2019B090909002)
TEEEE RERO975—), B, BB, WL AR, BT 7w SRR IR AR R A R | SPRTR B R E-mail: 11112019039@

bnu. edu. cn

W fs H 4. 2022-05-28


https://doi.org/10.12202/j.0476-0301.2022150
https://doi.org/10.12202/j.0476-0301.2022150
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn
mailto:11112019039@&lt;linebreak/&gt;bnu.edu.cn

776

LRI A2 2 4 (A AR 2 i)

5 58 %

S E NNy

# % Har, DOMS H A 2 #3582 b i T 4 )8 (Cr,
Ta, Nb)E 19 244 Kl A (DLC)!, 4 1L ¥ ¥ JZ (TiO,.
Cr,0,)™ " E ALY % 2 (AIN, TiN. TiSiN. TiSi( V)N,
CrN/TiN, AISiN., TiAISiN) ! S04 ] 44 F (1) 1 2 il
UL AR BB T RS IRIZE5M . &
43 FIPEBE A5, DOMS A il FEL 45 A1F o 52 Ao P A el
AT Y B ] R A SCF 42 . 1 DOMS Y ik
FL AR AU 2ot A R e L e R 1, R A S T AR AR
B FRTT . AR SCEER T DOMS B B BR A 5 72, %o H:
JHCHL AT R TP B W BRI R AT T R AT, L HE R
FEN TR X — B R U 2 DR AR W A T i, (et
AR AE T — QR TH U 2 45U Y 1z

1 RIRH LT T 5 H R R I

1 HiPIMS i1 MPPMS 3% i | 78 3% i 5K ) DOMS
B, N R 55 %5 Ik v 42 8 A MPPMS J A7 1 6
T2 B Jok e A 5 BB 81 i) ok e, 9 2 — 2 3 a8 4 R
3 35 Wk o B9 i RO PAT B i) 7 o) 0 0 FlL S R R O
SN A B A R R A A R A, A S I
Tk )2 G5 R IV RE 114 5 1 A A 2O,

& 1 fif 75 4 HiPIMS ., MPPMS F1 DOMS it # |1, [+
TR 3T ok o T . HIPIMS 3 5 IR AR 5 2% be i I 4
e B EL R A EEL 3T P 8 EL Ok e S BT R W T R
(>100W - m?) AR P REE (10°0W - m> £ 47)

L A

FNIN =

4 Jok s SAE WL IR 1-a, b, L 78 T HR IBE
[E) 2K B W L, TS 2R T T R 28 IOk o 2 &5, L g AR Ab T
J& T R AR AL, Hi e 58 B T i = Mk, H
PR Sk H e R L S [ 20 R BT 3 %8 T B 7E HIiPIMS
Feml I % JE K () MPPMS i AU i e, ik v WL 1-c. d,
BN/ QEEN i LAE A o L e N e A A s o I
BBz 1) 55 B LB B 2) 59 B Ab RESL B B s 3) 55 -5 2
T HEAS B B s 4) 3 B A0 B B Hovb 555 B 1k A 55 25 4k
FrEe By BE(O~B0E ps ) 18 o MK L R L 559 H 3 IR 734
Jhk i T 5 I 8] (ron/ro) P8 45 7 A2 I 4 45 55 HL B9 3k
FL 5 7 559 FL 3 R A I Bl o B8 v e R LR I Rk e
K B[] TR 3R g O 2 5 P L B B R A 2 ik o &
4. MPPMS 38 3xf XoF i L ik e %) 01 42 SE2 BT FEL S R
LAY [F] 45, i g T HIPIMS J70 FR G 451 4k 10 ) S 1S,
DOMS 7 HiPIMS I MPPMS {4 L il |, 38 4 8 i £
A SR T iR A R 1 P R iR 9 T B A r R TR R Bk o,
A K H R 9 I B B 1 R o Fn 2 A4S Tk i
R O A k. G v S R R K s Bl R S
HL, 5 22 K 0P 7 AT 3 8 K ik L o8 A s IR TS B,
ﬁth?&&%m#ﬁhf *HXﬁﬁcmﬂ(qzﬁiﬁkﬂﬂﬂﬁF

AT SE IR
ﬁ*iﬂ%ﬁﬁ%%ﬁ;;ﬁ#}: DOMS kﬂmﬁlﬂé’ﬂ%@é
B TE) LA B A 8 i) ik v PR R S 41 355 19 45 52 B[] R 2
CINYYN SR L U f oy e el UL W N 2 S
PR B Ak R AR I SR TS e U2 H R, DOMS

. HiPIMS %00, Mfip—l\fl_s ______ . < 000 DOMS _
900 900 E 800 e § %(5)() 4 I, ]
600 600 %700 | 3 Tsof ‘{ J M ‘ ‘ ]

> 300 300 . ;Ef)oo. 5 1(5)8 HH L\ ;‘ “ | ]
S < =500+ Voltage & 0 P WAL ('1 \ ‘J‘« _...u;
X " Lol il S "““*
-300 -300 = 5 ‘mﬁ
> 300 [, Plasma ) & =500+ H ‘H M
=1 “urrent =
o 030006 0009 000 00 £200 Hionized . S ~1000} | HH H W 111
=
100 |{Plasma b5
s ) i f % ~1500 “ |
0 500 1000 1500 2000 = 0 500 100015002000
t/us t/us
q 160 Average power: 1.1 kW
900 900 T 50
600 600 < 80 [\
> 300 300 - ow _}
> 0 o 0
anananananannd > 400 W
-300 300 o K d4._0_naann
600 w00 S
i | | : | 1 000
0 20 40 60 80 100 ™ 5 55 ™ 0
t/us Ton Totr t/us
av b. L7 HiPIMS 4 Ht JE AT B 9, #2330 Hz. KT8 30 ps. S5 HL 0.5%;  c. S7 MPPMS #H JE o HEL VAT AT T 28 ik o 38

L 4 AN B B
G (¢

DI BN B, 2) 9 BERFS
on) A 5% AT Crgqe) 0 T FR) B0 K 1 98 T,

JEU, AR 50 kHz. ik 95 50 ps.

SR B, 3) 55 -5 B AL FE AR B Bo R 4) 9 55 AL B B,
e. L7 DOMS K ik ph v Hia i R ER 3 98 07
h 45 H 25%,

d. MPPMS HJik pf ip HL A Hy
f. DOMS Ft bk v #2 , F F Fi 08 9%
ik 0 FF S 15 18] (200/7000) 9 10/3002,

1 HiPIMS. MPPMS $1 DOMS {4 %8 E8 J& 50 88 578 Bk o si 72



53

I T AR IR 5 T T 1 ok e R R 777

W SR 45 2 I 1] 50~3000 s 4 171 B s 38 ] bk e
A~ VR ) bk el P %) S B b AR A LR 5~62.5 kHz,
BAAN I ik ) FE SR I 1R] R 5~60 s, ik G P R ]
<50 s, KBS TRDRE BE 0.2 ps.

2 RIRH IR R 5T B OR M X EEF
i L3N

DOMS Y HL S B 35 W B D 6 . B K i R 1
[ QUIE SN 517 LT B [ QLR ES 41N N =1 I QUIP IS S
I 18] HE (zon/moe) 25 . {H H BT DOMS 4 fik w5 1 %o 45 B
TR0 52 ma WF 5T AR 2D, AH SCHLH] v AN B, A2 2 2L
M\ DOMS 7= A %5 B85 7 1) 25 T RE & 43 A7 A1 B[] 29 A 13
AE A A 1k IF T R

2.1 DOMSIEEINRMNEEFRESHHNEMW
RE B 7 AR TURRE AR B9 RO 78 T A fe) 345 v % B | A%
5 A M e AU YA A, R R ) R AR
> DOMS (4 A% /0 5 i 2 K022 %) 55 B 1 1R P 25 1 fiE
L B R IR (P,) E LN

P,=U,xI, (D

b W AE HL I (U,) AN (R L 3 (1) 43 531 DOMS
ARk b BT A OB b B LR (U R R T
(o) B ME. B 2 B 7R 8 Ta 1R 2 DU 2 (Ar 41
FBl . Ta #1, Ta #0737 % 600 W) Hf DOMS A [A] 14 {E
)R T Ta & T HE & 49 15 26 X (ion energy distributions
functions, IEDFs) , X I8 2H “hy B 37 #4250 5 (DCMS ) P

fa P/kW b P kW
10° E; WAL "' 37 L oA 37
L 4 84 — 84
S 10°F 114 ”g q
g | DCMS DCM
5
O
10°F |
|
3
10° S
c P kW d P /KW
105 181+ — 37 1812+ — 37
I .« 52 .« 52
AN . 84 — 84
’ )
v i —— 114 g&? —— 114
E ¥ 9 DCMS : - + DCMS
§ :'u\\\
“ o
PN "’-.:‘V\w\
/3 : N,
\ "‘\_\' B
= \.' A v.'
i 1 x.:‘\ .‘\"."

Energy/eV

80 100 120

0 20 40 60 80 100 120
Energy/eV

El 2 DOMS IEEIN R E FREE 7 R I m™

2 AR R 218
D) AE B b Ar B BB i 4 1 iR 4k DOMS
WA TR I A TG oG, HAR ARG AE TP AE 5 eV BT, Ik
AT 8 eV(&] 2-a), I UE(E X N T 45 B IR HL AL,
CRE LR IR T B4k 1Y Ar' B iz 2 B4R I 45 o 72 rp 45
A B RS 1 5 2 FL 3 in
2) 5 DCMS # Lt, DOMS 7= A it 45 85 7 v Ar™*
1) B F 2 PR B A S AN e e, LB A
D38, & ¥ i K Ae it I+ 5 (30~48 eV) (& 2-b).
MEEEX ArETRERY LT BT AETSS
HE B Tl R P i B R R Y, R R X ACTE T

o oom

B, (5L 5 A A 55 o XA 2 DR A2 b (4 5
AR,

3)DOMS 7= A 1Y B e faf Ta fie KBS 1 fiE & 5 I (H
TR IE K (F 2-¢). DOMS 7= H: 1Y B He, fof Ta fiE 1= it
F DCMS, AT DAtk & 8 i 0 J2 OB R vh i i 1 22
VEF, (H = BB F i R WA H Al i o 48 B, v
43 BE K U5 T DOMS (14 T £ L F Jik b 76 5 HL 2o 7 vh
S AR 2 4.

4) Ta" B 1 BBt 25 U {5 ) 256 (1 384 I mi o 2, Ta?" 5
250 i W (D 256 (1% 38 0T 30, T 11 A i 0 (i 1)
R THEAR (] 2-c. d). 75 $0SF 34 2 2% [ <2 1 418



778 LRI A2 2 4 (A AR 2 i)

5 58 %

T, BAREH IR0 E A B TR i B4k, 3
B3k LK 1 4 8 B AT RESZ 4 Jm 25 - 0 B AR [l i
BN A 22 B R R, S B0 2 DU F IR S RE
(=R O DI IT A

5)DOMS j”* 1 42 J& B 5~ (Ta"Fl Ta™) IDEFs 1 =
RERXE TR EZT TR ACH AP, %5k
i 2 W] DOMS AR i #2 1Y) e RE R+ 2= i A JH 32 2
BT Ta & F.
2.2 DOMS BKHSHXELE FRHE SRR DOMS
(R TR IOk o 2 B0 4 1 6 1 B8 Akt 72, Serra 45 )
FI AP Langmuir #REFH & 1T DLC TR B ik
HH, i %% & (substrate current densities, SCD) Fifi Bsf [B] (1) 4%
LR, HE T DOMS fik i 2 B0 ¥ B8 5 i) 1] 40 A

) 52 ) B HE. DOMS Jik i i FL S 804n R - — > DOMS
Kk EA 18 ATk, Kk E IE 7,,=1 800 ps,
ik 5 P ] 7,6=2 200 ps; %5 Jik i F i Bsf 1] 7,,=6 ps,
T =94 ps. FH R IR 45 SR I .

1) DOMS Jiik i 2 B0 B8 B Ak 2o 2 114 52 i) 325706 #
S - [0 6 A8 R, B Bk o A Sy B e o R TR R
IR B B Ak, BRET 1 i 25 B - ) i 26 2 3 5 DOMS
Pk i L R A 95 AR B, LI ) U VR T S AR R
T B PR EE 2% A AT R E] . FE DOMS A 4 ok w4k 35
HATE], HRAE K SR R (6 ps) ARVEE L FHZE 1170V,
7 Ji5 8 Jok b 5 DA B8] (94 ps) 10 T [ 2 42 30T 0. R %!
R B A 5 B R R 1 T SRS o, IR AE R
— A Tk R 9 T i R AR 2R SR I (18] 3-a. b).

AAAAAAR
ANAAAN 5 N

substrate charged species/a.u.

t/us

800

600

SCD/a.u.

400

t/us

1000 1400 1800 2200 2600 3000

ubstrate positive charged species/a.u.

2280 2300 2320 2340 2360
t/us

» DOMS oscillation peak
= HiPIMS pulse peak

3 6 9 12 15 18
DOMS oscillation/HiPIMS pulse

a. DOMS Jik 1 5% 4 Ji< H 97 25 5 (SCD) IR 54 s b, DOMS B AN Ji FE e Jik i 41 3% 6F 4ef i L ¥ %5 (SCD) UK s ¢ DOMS Jik i %
AT JES L UL 5 B (SCD) 5% M f) 1F B I8 X Sk 5K 815 d. DOMS ik vt ik R 00 4% At 06 A b, 7 o 26 Ik 3 R 95 500 IF 1] 9 45

E 3 DOMS Bom #r L # B R & B9 B (8] 2 #3438 IR BB SR B E (mA - em™) (BREHRE 0~120 V) 1!

2) 1 M4 = DOMS 1 ik o o i) 2 ok ol el iR 35
ANHCA B T4 e AR AR L K F R A A ok e
KA B R SR B B A B TR, A B TS T —
YDk ok H, 3 A e S R 1Y B Ak &% 3 (8] 3-c, up trend
B ), B 2k 8] = B AL RCR (K 3-c, plateau B B).
I IR AT IR AT 1916 L 37 ( probe peak current,
PPC) S #LJE L FHifi J5 R i ka3 (1 3-d).

3) ¥ DOMS K ik # P %) 45 e, Jhk v ) JR B0
HHE— A4 2 DOMS $045 5 T0Rk 3% 152 . HoHL T B 5
S ] 5 O A X, 0 K oo T 401 4 900 20 0 1 8 2 7
3 45iE

F Br AT A 09 B AR 3 0445 Tk 3T (Deep Oscillation
Magnetron Sputtering, DOMS ) 1F 22 4™ % 7 5% A% IR 171



53

T T S - TRIR v 4 DA ik e e A

779

FL R R 99 T 5 07 1 Fi s R0 o Jok e, 38 st 9 /N e L e AR
i Z 1) 9 IOk v DG PAT BT ), 44— 2 P I 4T A AR O
IRV B ALK Wk b 48 5, 8 S SRR R TR 1 D) R
FL, L RE A% 5230 58 4 3 55k fL TR R R R A O 4 B8 Ak,
AAT R L KR R N RO R A5 A

DOMS Jk it 2 B0 §IE 2 Ak 3 5t 119 52 1 325 06 FRL 1 -
FIF ) Y6 A5 A, L 3 A ol R A I Ik o e R AR 95 14
BiPEB AL, 1 24 42 5 DOMS Kbk ip e it 4 ik ol el I
PG AE, A B T4 = B B A ALOR, 42 DOMS K Jik
e ) o E R Ok e JRL I, A B R — 20 4 S DOMES #E
GETREE. R E TR mE T DUKRE
BT (<80 eV) o T 1Y i % AR B TR = B E K
B T3 i M A B 13l O 8 o 5 M RHH B H
AR Z M BH AL LS50, FEAN T AT 258 40 1 A
BG4 [ B, 3 A U 2 1 ML A Ak 2 M R Y, A
SN M R R TE VR 2 LAY L AR PR R Y BY AR
b7 Bt

SR, H AT DOMS B 5247540 F F 3 B B, Y
SN MGE, A RS R R (R H AT
il & % DLC. & J& . EWiR 2. B EZE, f35%
A3k R T I T 26 IR HE AR B A B B AR DT RR B R Y
W AR 3. IR & R DOMS 3% A il 45 w85 4 4 P B
T U 2, T R Tl % R v 1 B AR T R 2 1A VT
BV SRS T h = Y

4 SEE

[1] LINJL, SPROUL W D. Structure and properties of Cr,O,
coatings deposited using DCMS, PDCMS, and DOMS[J].
Surface and Coatings Technology, 2015, 276: 70

[2] KELLY P J, ARNELL R D. Magnetron sputtering: a review
of recent developments and applications[J]. Vacuum, 2000,
56(3): 159

[3] ALFONSO E, OLAYA J, CUBILLOS G J C S, et al. Thin
film growth through sputtering technique and its appli-
cations[J]. Crystallization Science and Technology, 2012,
23: 11

[4] GUDMUNDSSON J T. Physics
magnetron sputtering discharges[J]. Plasma Sources Science
and Technology, 2020, 29(11): 113001

[5] SANEKATA M, NISHIDA H, WATABE T, et al. Delayed

discharge bridging two sputtering modes from modulated

and technology of

pulsed power magnetron sputtering (MPPMS) to deep

oscillation magnetron sputtering (DOMS)[J]. Plasma,
2021,4(2): 239

[6] BELOSLUDTSEV A, VLCEK J, HOUSKA J, et al

Tunable composition and properties of Al-ON films

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

prepared by reactive deep oscillation magnetron sputte-
ring[J]. Surface and Coatings Technology, 2020, 392:
125716

BAPTISTA A, SILVA F, PORTEIRO J, et al. Sputtering
physical vapour deposition (PVD) coatings: a critical review
on process improvement and market trend demands[J].
Coatings, 2018, 8(11): 402

LIY G,LU Y L, JIANG Z T, et al. On the influence of the
micropulse on Nb thin films deposited by MPPMS and
DOMS: a comparative study[J].
Technology, 2021, 421: 127464
FERREIRA F, SOUSA C, CAVALEIRO A, et al. Phase

tailoring of tantalum thin films deposited in deep oscillation

Surface and Coatings

magnetron
Technology, 2017, 314: 97
FERREIRA F, SERRA R, OLIVEIRA J C, et al. Effect of
peak target power on the properties of Cr thin films

sputtering mode[J]. Surface and Coatings

sputtered by HiPIMS in deep oscillation magnetron sputte-
ring (DOMS) mode[J]. Surface and Coatings Technology,
2014, 258: 249

FERREIRA F, CAVALEIRO A, OLIVEIRA 1.
Tribological performance of DLC coatings deposited by
DOMS in mixed Ar-Ne discharges[J].
2021, 285: 129056

LIN J L, WANG B, SPROUL W D, et al. Anatase and

rutile TiO, films deposited by arc-free deep oscillation

Materials Letters,

magnetron sputtering[J]. Journal of Physics D: Applied
Physics, 2013, 46(8): 084008

LIN J L, CHISTYAKOV R. C-axis orientated AIN films
deposited using deep oscillation magnetron sputtering[J].
Applied Surface Science, 2017, 396: 129

OLIVEIRA J C, FERNANDES F, SERRA R, et al. On the
role of the energetic species in TiN thin film growth by
reactive deep oscillation magnetron sputtering in Ar/N,[J].
Thin Solid Films, 2018, 645: 253

OLIVEIRA J C, FERNANDES F, FERREIRA F, et al.
Tailoring the nanostructure of Ti-Si-N thin films by
HiPIMS in deep oscillation magnetron sputtering (DOMS)
mode[J]. Surface and Coatings Technology, 2015, 264: 140
FERNANDES F, OLIVEIRA J C, CAVALEIRO A. Self-
lubricating TiSi(V)N thin films deposited by deep
oscillation magnetron sputtering (DOMS)[J]. Surface and
Coatings Technology, 2016, 308: 256

OU Y X, LIN J, TONG S, et al. Structure, adhesion and
corrosion behavior of CrN/TiN superlattice coatings
deposited by the combined deep oscillation magnetron
sputtering and pulsed dc magnetron sputtering[J]. Surface
and Coatings Technology, 2016, 293: 21

JIANG X R, YANG F C, CHEN W C, et al. Effect of


https://doi.org/10.1016/j.surfcoat.2015.06.044
https://doi.org/10.1016/S0042-207X(99)00189-X
https://doi.org/10.1088/1361-6595/abb7bd
https://doi.org/10.1088/1361-6595/abb7bd
https://doi.org/10.3390/plasma4020016
https://doi.org/10.1016/j.surfcoat.2020.125716
https://doi.org/10.3390/coatings8110402
https://doi.org/10.1016/j.surfcoat.2021.127464
https://doi.org/10.1016/j.surfcoat.2021.127464
https://doi.org/10.1016/j.surfcoat.2016.08.017
https://doi.org/10.1016/j.surfcoat.2016.08.017
https://doi.org/10.1016/j.surfcoat.2014.09.020
https://doi.org/10.1016/j.matlet.2020.129056
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1016/j.apsusc.2016.11.025
https://doi.org/10.1016/j.tsf.2017.10.052
https://doi.org/10.1016/j.surfcoat.2014.12.065
https://doi.org/10.1016/j.surfcoat.2016.07.039
https://doi.org/10.1016/j.surfcoat.2016.07.039
https://doi.org/10.1016/j.surfcoat.2015.10.009
https://doi.org/10.1016/j.surfcoat.2015.10.009
https://doi.org/10.1016/j.surfcoat.2015.06.044
https://doi.org/10.1016/S0042-207X(99)00189-X
https://doi.org/10.1088/1361-6595/abb7bd
https://doi.org/10.1088/1361-6595/abb7bd
https://doi.org/10.3390/plasma4020016
https://doi.org/10.1016/j.surfcoat.2020.125716
https://doi.org/10.3390/coatings8110402
https://doi.org/10.1016/j.surfcoat.2021.127464
https://doi.org/10.1016/j.surfcoat.2021.127464
https://doi.org/10.1016/j.surfcoat.2016.08.017
https://doi.org/10.1016/j.surfcoat.2016.08.017
https://doi.org/10.1016/j.surfcoat.2014.09.020
https://doi.org/10.1016/j.matlet.2020.129056
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1088/0022-3727/46/8/084008
https://doi.org/10.1016/j.apsusc.2016.11.025
https://doi.org/10.1016/j.tsf.2017.10.052
https://doi.org/10.1016/j.surfcoat.2014.12.065
https://doi.org/10.1016/j.surfcoat.2016.07.039
https://doi.org/10.1016/j.surfcoat.2016.07.039
https://doi.org/10.1016/j.surfcoat.2015.10.009
https://doi.org/10.1016/j.surfcoat.2015.10.009

780

LRI A2 2 4 (A AR 2 i)

5 58 %

[19]

[20]

[21]

nitrogen-argon flow ratio on the microstructural and
mechanical properties of AISiN thin films prepared by high
power impulse magnetron sputtering[J]. Surface and
Coatings Technology, 2017, 320: 138

OU Y X, CHEN H, LI Z Y, et al. Microstructure and
tribological behavior of TiAISiN coatings deposited by
deep oscillation magnetron sputtering[J]. Journal of the
American Ceramic Society, 2018, 101(11): 5166
HUBICKA Z, GUDMUNDSSON J T, LARSSON P, et al.
Hardware and power management for high power impulse
magnetron sputtering [M]. Elsevier: High Power Impulse
Magnetron Sputtering, 2020: 49-80

TANARRO I, HERRERO V J. Ion energy distributions for
the identification of active species and processes in low

pressure hollow cathode discharges[J]. Plasma Sources

[22]

[23]

[24]

Science and Technology, 2009, 18(3): 034007
SURMENEV R, VLADESCU A, SURMENEVA M, et al.
Radio frequency magnetron sputter deposition as a tool for
surface modification of medical implants|[M]//NIKITEN-
KOV N N. Modern technologies for creating the thin-film
systems and coatings. Rijeka, Croatia: InTech, 2017: 213
SERRA R, FERREIRA F, CAVALEIRO A, et al. HiPIMS
pulse shape influence on the deposition of diamond-like
carbon films[J]. Surface and Coatings Technology, 2022,
432: 128059

RAJAN S T, NANDAKUMAR A K, HANAWA T, et al.
Materials properties of ion beam sputtered Ti-Cu-Pd-Zr
thin film metallic glasses[J]. Journal of Non-Crystalline

Solids, 2017, 461: 104

Pulse discharge in deep oscillatory pulsed magnetron sputtering
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Abstract

Deep oscillation magnetron sputtering (DOMS) can achieve complete elimination of arc discharge

and near total ionization of target through a series of modulated voltage micro-pulse oscillation waveforms, to achieve

high density, low ion energy and high beam density plasma deposition. This paper reviews technical principles of

DOMS and effects of deep oscillatory pulse discharge on spatiotemporal evolution of plasma ion species and ion

energy. Influence of DOMS pulse parameters on target ionization process was found to follow the law of voltage time

evolution. Target ionization process is found to be phased ionization oscillating with short pulse voltage.
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